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The compound zirconium
tungstate is outstanding for
exhibiting “negative thermal
expansion,”uniformly contract-
ing as it heats up and expanding
as it cools in all direction.
Although engineers are pursu-
ing practical applications in
areas ranging from electronics
to dentistry, researchers at the
University of California, Santa
Cruz, and other institutions
report new insights into the
atomic interactions underlying
this.
“We have shown that a combi-
nation of geometrical frustration
and unusual atomic motions are
likely to be important to the
negative thermal expansion in
zirconium tungstate,” said Zack
Schlesinger, professor of physics
at UCSC.
In zirconium tungstate, geomet-
rical frustration comes into play
during certain temperature-relat-
ed vibrations of the compound’s
crystal lattice structure, the con-
figuration that holds the atoms
together in a crystal.
The normal thermal expansion
of solids results from changes in
the atomic motions that make
up these lattice vibrations.As
heating adds more kinetic ener-
gy to the system, the lattice
structure expands to accommo-
date the increasingly energetic
atomic motions.
But in investigating zirconium
tungstate, Schlesinger’s team
found evidence for a rotational
mode that, due to geometrical
frustration, occurs, together
with a translational (“back-and-
forth”) mode. Mixing rotational
and translational motion has the
effect of pulling the structure
together as heating puts more
energy into the vibrations.
In other materials that show
negative thermal expansion, the
vibrational modes that pull the
solid together create instabili-
ties, eventually leading to
rearrange-ments in the atomic
structure. Here, the negative
thermal expansion only occurs
over a narrow temperature
range.
In zirconium tungstate, howev-
er, geometrical frustration
appears to block any such insta-
bility.The experiments involve
shining IR light on a sample of
zirconium tungstate, and meas-
uring reflectivity, which can be
transformed mathematically into
optical conductivity.
This revealed the frequencies 
of light absorbed by coupling
with the lattice vibrations,
and researchers studied how
measurements changed with
temperature.
Schlesinger says the findings are
interesting with respect to both
pure physics and practical appli-
cations.
On the pure physics side, they
seem to provide a new and
unusual example of geometrical
frustration, which is most often
studied in the realm of magnet-
ism and disordered systems
such as spin glasses.
“This material is not disordered--
it is a perfect stoichiometric
crystal - so we are seeing geo-
metrical frustration manifested
in a whole new system,”he says.
For engineers, working on
everything from electronics to
high-performance engines that
must cope with the effects of
thermal expansion, a material
that did not expand or contract
with changing temperatures
would have broad applications.
Negative thermal ZrW2O8
Researchers from the Tokyo
Institute of Technology have
moved transparent semicon-
ductors forward with an indi-
um gallium zinc oxide mixture
that can be deposited on plas-
tic, is transparent, and poten-
tially performs one to three
orders of magnitude better
than current plastic transistors.
The material is also easy to
manufacture, making it poten-
tially inexpensive and appro-
priate for large-area electronics
like large displays. It can be
applied in a very thin coating
to a sheet of plastic at room
temperature.The manufactur-
ing process is also environ-
mentally friendly.The semicon-
ductor could eventually be
used in many types of flexible,
lightweight, shock resistant
electronics, including flexible
displays, electronic paper, and
wearable computers.
The researchers produced an
amorphous indium gallium
zinc oxide compound.
Amorphous materials have ran-
domly arranged atoms.
Amorphous semiconductors
are easier to use in electronics,
but do not perform as well as
crystalline and polycrystalline
semiconductors.
The semiconductor produced
by the researchers has a carri-
er mobility of 10 sq.cm/volt
second. Carrier mobility is a
measure of how readily elec-
tricity moves through a materi-
al. Plastic semiconductors have
carrier mobilities as high as 1
sq.cm/volt second, amorphous
silicon has a carrier mobility of
1 and, crystalline silicon - the
stuff of computer chips - has a
carrier mobility of 1,500.
InGaZnO transparent semiconductors Graphene tiltsat GaAs
Researchers in Russia and
England claim they have discov-
ered the world’s first single-
atom-thick fabric. Using
graphite crystals, a team led by
Professor Andre Geim at the
University of Manchester
extracted individual ultra-thin
sheets of carbon atoms.
The carbon-based fabric -
graphene - is "the thinnest pos-
sible fabric," and the resulting
atomic sheet is stable, highly
flexible, strong and remarkably
conductive.
Electrons in graphene travel
without any scattering over sub-
micron distances - an important
quality for ultra-fast-switching
transistors, researchers have
found.The fabric may represent
a new class of materials - so
thin they are only two-dimen-
sional - and may lead to single
molecule computers.
Graphene may make a great
new transistor if the team’s
work is repeatedly confirmed
and successful on an assembly
line. Using standard micro-fabri-
cation techniques of current sil-
icon computer chips, the
research team demonstrated an
"ambipolar field-effect" which
makes graphene a transistor
under ambient temperature and
pressure conditions.
While the researchers are cur-
rently working with ten-micron-
wide patches of graphene inch-
sized graphene wafers are
cconsidered plausible, and
graphene’s properties may
make it a strong competitor of
today’s semiconductors.
“This is clearly an exciting
breakthrough with huge poten-
tial," said David Glover, business
development manager with
Manchester Innovation Ltd, the
University’s intellectual proper-
ty division.
"With development, graphene
could compete in some of the
niche markets where gallium
arsenide presently rules due to
graphene’s low energy con-
sumption and high electron
mobility," he said.
